Resting energy expenditure in critically ill patients is highly variable depending on the diagnoses, illness severity, nutritional status, and treatments. The main questions are the following: What is the optimal energy target in my critically ill patient in the ICU at a given time point of the ICU stay? Is measured energy expenditure equivalent with energy requirement?
INTRODUCTION
Energy expenditure in critically ill patients is immensely variable depending on disease, illness severity, and nutritional status. The optimal energy target is not yet defined, and experts disagree on the best way (timing and amount) to feed these patients. Observation and intervention studies have shown that the amount of energy provided undoubtedly affects outcome. It is a common knowledge that predictive formulas developed to calculate resting energy expenditure (REE) in different categories of intensive care patients are clinically not relevant. Whizzes agree and urge intensive care physicians to measure REE with indirect calorimetry in order to optimize the prescription of nutritional support [1 & ]. This advice is in contrast to what is advocated in the Canadian guidelines of nutrition, claiming that there are insufficient data to prefer indirect calorimetry over predictive equations in the critically ill. It is added that this guidance is given as a result of lack of potent studies in the field. The foremost concern at the moment is that an indirect calorimeter with applicable specifications -easy to use and to a reasonable cost -is not available in the market [2 && ,3
&&
]. In the ICU, REE is usually measured in the fed state, which also includes the thermogenesis of feeding.
THE EPANIC AND THE REDOXS STUDIES
These large multicenter studies comprising 4640 [4] and 1223 patients [5 && ], respectively, were recently published with exceedingly unexpected results. Among nutritionists, the studies were heavily criticized due to flaws in design, erroneous patient populations (either low-risk patients or too critically ill patients), and improper composition of the energy provided. It has been pointed out that the high dose of glucose (1200 kcal/24 h during the first 2 days) given to the parenteral nutrition group in the early versus late parenteral nutrition in critically ill adults (EPaNIC) study was harmful. An overrepresentation of cardiac and perioperative patients also reduced external validity. The concerns about the study design and the results were pinpointed in a recent commentary by McClave et al. [6] . In a recent post-hoc analysis of the data in the EPaNIC study, the lowest dose of macronutrients was associated with the fastest recovery. Any higher dose, administered parenteral or enteral, was associated with progressively more delayed recovery [7] . The conclusions from the EPaNIC study contradict results from observation studies showing that reduced intake of macronutrients and micronutrients is deleterious [8, 9] . It should also be mentioned that malnourished patients (BMI <18.5 kg/m 2 ) were not included in the EPaNIC trial. In the glutamine and antioxidants in critically ill patients (REDOXS) study [5 && ], very high doses of glutamine (total 65 g, 0.78 g/kg more than twice the recommended dose of 0.3 g/kg) were administered to critically ill patients with severe organ failure. Energy and protein provision were low, approximately 900 kcal and 45 g, respectively. In a commentary to the article, it was discussed that a supplement comprising 60% of needed dietary protein might cause imbalance in the protein pool and could be potentially toxic. In the REDOXS study, long-time outcome (6 months) was inferior in the study groups receiving either glutamine or glutamine and selenium. Neither EPaNIC nor REDOXS study used indirect calorimetry to guide provision of energy, leaving energy expenditure basically unknown.
HOW TO MAKE THE DECISION ON ENERGY SUPPLY OF THE INTENSIVE CARE PATIENT?
This question is vital and has been heavily debated for ages. In the early seventies, intravenous hyper-alimentation (40-60 kcal/kg/24 h) was popular, complicated with high blood sugar and fatty liver. In the millennium, the pendulum has moved to deliver less energy, mostly provided through the gut [4, 10, 11] . Guidelines give divergent advice, leaving the clinician worryingly confused. There is an agreement among specialists that targeting energy delivery might be a good choice. A study aiming at comparing targeted energy provision as measured with indirect calorimetry, compared to standard of care has been performed [12] . One flaw in this study was a modest but systematic overfeeding since prescription of non-nutritional calories was not taken into account. Disappointingly, the intervention group stayed longer in the ICU and had fewer ventilator-free days. Post-ICU survival was higher in the targeted group, but one should keep in mind that the study was not powered to evaluate mortality. Studies have not investigated if the amount of energy measured is what should be provided to the critically ill patient. Since both observation and intervention studies indicate that less than targeted energy might be advantageous, this question should be investigated with a multicenter design. To gain reliable knowledge from such studies, an accurate indirect calorimeter has to be in place. Another imperative question is: What are the most meaningful endpoints in nutritional studies? -survival out of ICU, hospital survival, 1-year survival, quality of life, caloric deficit, infection, ventilator-free days and/or loss of muscle mass?
The question remains open, but it is likely that a mix of long-term survival, quality of life, and cost will become the determining criteria. To achieve the needed discriminative power, collaboration across Europe is needed. The use of indirect calorimetry is currently time-consuming and costly, which discourages many clinicians to use it on a regular basis. In a recent feasibility study, 50% of the patients were applicable for indirect calorimetry, but it was only used in 20% of the patients [13 & ]. This means that most clinicians are left to use equations. This is a problem as energy demand changes over time, being initially low, and increasing toward the end of the ICU stay. The only method to scrutinize the variation in energy demand is indirect calorimetry. The Faisy equation is a dynamic formula since it includes tidal volume and temperature, but it is not proven better than other equations to estimate energy expenditure. The Toronto formula, used to calculate energy needs in the burn patient, takes fluctuation in energy demand into consideration, and is among burn specialists considered satisfactory to calculate energy pending indirect calorimetry.
ESTIMATION OF THE ENERGY TARGET USING PREDICTIVE EQUATIONS
Two patients with the same weight, age, and sex may differ considerably in energy expenditure.
KEY POINTS
Estimation of energy requirement using equations or guideline recommendations is frequently inaccurate.
An accurate, reasonably prized, and handy indirect calorimeter is obligatory to measure energy expenditure on a daily basis, and in research projects.
Future studies about optimal energy provision should be multicenter with mixed endpoints, such as long-term survival, quality of life, and cost.
Therefore, an estimate expressed by an equation or as kcal/kg does not correctly individualize the energy target. As already mentioned, the Toronto formula is applicable to estimate energy requirement in the intensive care burn patient. There are more than 200 suggested equations to estimate energy expenditure, and most of them are not applicable in the ICU setting [14] . Four equations used in ICU patients are given below:
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MEASUREMENT OF ENERGY EXPENDITURE
The principles for direct and indirect calorimetry are shown in Fig. 1 . Direct calorimetry requires the subject to be introduced into a sealed insulated chamber for a few hours to measure the energy losses by direct body thermic radiation. It is not applicable to patients and therefore is not discussed in this review.
Indirect calorimetry
Historically, the basics of energy metabolism were established by Lavoisier , Priestley, and Black some 200 years ago. They demonstrated that combustion consumed oxygen and produced CO 2 and heat. Early in the 20th Century, Harris and Benedict, and Atwater revealed that heat production could be estimated by measuring gas exchange and computing corresponding heat production from the energy content of nutrients. When caloric values and equivalent gas volumes are known, equations combining oxidation of a substrate with O 2 and CO 2 production are constructed. To incorporate protein oxidation rate, an equation combining urea nitrogen production was also developed. On the basis of these data, J.D. de Weir developed the Weirs equation, used in indirect calorimetry algorithms for measurement of 24-h energy expenditure.
Oxygen consumption (VO 2 )
Under aerobic, but not under anaerobic, conditions, VO 2 reflects cellular metabolic activity. The amount In the open circuit expired gases are collected. Flow, volumes, and concentrations of CO 2 and O 2 are measured, and from these measurements O 2 consumption (VO 2 ) and production of CO 2 (VCO 2 ) are calculated. Both inspiratory (V i ) and expiratory (V e ) flow is needed in the calculations. Usually either V i or V e is measured using the Haldane transformation to estimate the other. In the closed circuit, the patient breathes from a gas mixture (100% oxygen or an airoxygen mixture) in a chamber. CO 2 and water are removed from the system and used in succeeding inspirations.
Oxygen is added to the system and equals VO 2 . 1 calorie:
The amount of heat needed to heat 1 g of water 18C.
of oxygen needed for production of 1 kcal from oxidation of carbohydrates (CHO), fat (F), and protein (P), respectively, is 207, 213, and 223 ml (Table 1) . VO 2 can also be measured as the product of cardiac output and the arterio-venous oxygen difference (Fick's principle). Fick is an alternative technique whenever a Swan-Ganz catheter is available, but with accuracy limitations as it does not take into account the heart's consumption of O 2 .
Carbon dioxide production (VCO 2 )
The only way to accurately measure VCO 2 is by indirect calorimetry, and in steady state, VCO 2 reflects the metabolic activity in the cells. Production of 1 kcal of heat from CHO, F, and P oxidation produces 207, 151, and 181 ml CO 2 , respectively (Table 1) .
Respiratory quotient
Respiratory quotient is the relation between produced CO 2 and used O 2 (respiratory quotient ¼ VO 2 /VCO 2 ). This relation usually differs between 0.65 and 1.2, dependent on which substrate is oxidized. Oxidation of CHO gives a respiratory quotient of 1.0. In relation to stress, the respiratory quotient decreases due to increased combustion of F. Intake of large amounts of CHO increases VCO 2 and the respiratory quotient.
Calculation of substrates oxidation
Oxidation rate of CHO, F, and P according to the values given in Table 1 is calculated as follows:
where N ¼ nitrogen. By solving these equations oxidation rates of CHO, F, and P are:
and protein oxidation rate (dP) is:
Energy expenditure in steady state is the sum of oxidation rates multiplied by the caloric value of each substrate (Table 1) :
By substituting CHO and F by Eqs. (3) and (4) 
Equations (a) and (c) are used to prove this formula:
The higher the FiO 2 , the more inaccurate the measurement will be.
Resting energy expenditure
Indirect calorimetry [15] is considered the most accurate method to measure REE. Before measurement, steady-state conditions must be achieved. If ventilation changes, it will take at least 1 h to gain a new steady-state condition. Two different techniques are used, the open and closed circuit. In the closed circuit, breathing is done from a closed gas mixture. CO 2 and water are removed from the expiratory gas and used for subsequent inspirations. 
